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Abstract 
Ngella sativa seeds, an agriculture material was used for the adsorption of Zn (II) ions from aqueous solutions. The Ngella 
sativa seeds were extracted with diethyl ether and dried in oven at 105 oC, burned at 500 oC for one hour. The adsorption 
capacity of the adsorbent was studied using batch adsorption technique at different conditions such as initial pH of 
adsorbate, contact time between adsorbent and adsorbate and initial concentration of adsorbate. Two kinetic models were 
applied include first-order and pseudo second-order. It was found that, the present work is follows the pseudo second-
order. High adsorption capacity was observed at initial pH of 4. The adsorption capacity was reached equilibrium after 90 
minute and at adsorbate initial concentration of 764 mg/l. The Freundlich adsorption model fits well when compared to 
the Langmuir model. The maximum adsorption capacity of this novel adsorbent was found to be 93 mg/g at temperature 
30 oC. Two kinetic models such as first-order and pseudo second-order were tested, in order to study the mechanism of the 
adsorption.  
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1. Introduction 
Human activities have resulted in accumulation of hazard metals in the environment. Some metals (e.g Ca, 
Zn, Fe and Ni) are essential for the growth of living organisms [1]. However when the concentration of these 
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metals in the environment are higher than the permissible level recommended by some international 
organizer such as World Health Organization (WHO), can become toxic to these organisms. Therefore, many 
attempts have been tried to remove heavy metals from wastewater include chemical precipitation, electro 
wining, evaporator, resin ionic exchange or membrane separation [2,3]. These methods are usually expensive 
and therefore, there is necessary for some alternative technique which is highly efficient and low cost. 
Biosorption could such this alternative method for water treatment.  
Several agriculture materials are widely used as biosorbents such as tree fern [4], sawdust [5] and peanut 
shell [6]. 
In the present work,, an agriculture material, i.e. Ngella sativa seeds was examined as a novel adsorbent for 
the removal of zinc ions from aqueous solutions. 
1.1. Preparation of adsorbent 
The Ngella sativa seeds were washed several times with distilled water to remove an undesirable materials, 
filtrated and over dried at 90 oC for 2 hours. The dried Ngella sativa seeds were extracted with diethyl ether 
and dried in oven at 105 oC, burned at 500 oC for one hour then grounded and sieved (<90 μm). 
1.2. Preparation of synthetic water 
A stock solution of zinc was prepared in distilled water with zinc (II) acetate. All working solutions of 
varying concentrations were prepared by diluting the stock solution with distilled water. The concentration of 
zinc ion was analyzed using EDTA titration method in the presence of  xylenol orange  indicator. The amount 
of Zn (II) ions adsorbed (qe, mg/g) was calculated by measuring the initial concentrations of Zn (II) ions (Co, 
mg/l), concentration of Zn (II) ions at equilibrium (Ce, mg./l)), volume of Zn (II) ions (V, l) and the weight of 
Ngella sativa seeds (W, g) as follows [7]: 
qe = (Co-Ce).l/W                                                                                                                                 (1) 
1.3. Adsorption experiments 
The adsorption experiments were carried out in the batch mode for determination of the adsorption 
capacity of  Ngella sativa seeds for zinc (II) ions. The bottles of 100 ml capacity were filled with 100 ml of 
synthetic wastewater (300 mg/l), and 0.04 g of Ngella sativa seeds (grind). The pH of synthetic wastewater 
was adjusted to a desirable pH by different concentrations of hydrochloric acid or sodium hydroxide (0.01, 
0.1 and 1 mol/l for each) and determined by pH meter (Thermo Electron Corporation, USA). The bottles were 
shacked in a water shaker bath (Stuart Scientific, UK) for acceptable contact time at mixing speed of 400 rpm. 
The separation of Ngella sativa seeds from synthetic wastewater was carried out by filtration with whatman 
filter paper No. 42. The residual zinc ion concentration were also determined using EDTA titration method in 
the presence of  xylenol orange  indicator. 
2. Results and Discussion 
2.1. Effect of initial pH 
The biosorption of zinc (II) ions onto Ngella sativa seeds as a function of pH was studied and the obtained 
results are presented in Table 1. The experiments were conducted using 100 mg/l of zinc (II) ions solution at 
initial pH values ranging from 2 to 5. The Ngella sativa seeds (0.04 g) was contacted with zinc ions solution 
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for 2 hours at 30 oC. The adsorption capacity increased when zinc (II) ions solution pH increased and 
reached maximum value at initial pH of 4. It was observed from Table 1 that, adsorption capacity decreased 
after initial pH of 4. These phenomena probably explained as follows: at low pH, a positive character of the 
surface of Ngella sativa seeds leads the repulsion of the positively charged Zn(II) ions from the adsorbent 
surface and reduce the adsorption capacity. At higher pH values, Zn (II) ions could be precipitated as 
hydroxide. 
Table 1. Effect of initial pH 
Initial pH qe (mg/g)
2
3
4
5
23
33
61
38
2.2. Effect of contact time 
Table 2 displayed the effect of contact time on the adsorption capacity of Zn (II) ions onto Ngella sativa 
seeds at initial concentration of Zn (II) ions (300 mg/l), pH of 4 and temperature of 30 oC. The adsorption 
system reached equilibrium after 90 minutes. 
Table 2. Effect of contact time 
Contact time qe (mg/g)
15
30
45
60
75
90
105
41
50
57
62
67
73
74
2.3. Kinetic study 
The study of the adsorption kinetics is the main factor for designing the adsorption system. Two kinetic 
models were applied include first-order and pseudo second-order.  
The first-order kinetic model was explained by the following equation [8]: 
Log (qe-qt) = logqe-(K1/2.303)t                                                                                                        (2) 
Where qt   is the amount of adsorbed metal ions at time t and k1  is the first-order constant.The values of qe 
and K1 were calculated respectively from the intercept and slop using the  plots of log(qe - qt) versus t . 
A pseudo second-order reaction was expressed as follows [8]: 
t/qt = 1/K2qe2+(1/qe)t                                                                                                                      (3) 
Where K2 is the Pseudo second-order constant 
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The values of qe and K2 were calculated respectively from the slop and intercept of the plots of t/qt versus 
t. The kinetic parameters are presented in Table 3. The values of q experimental and q theoretical as well as 
the values of correlation coefficients (R2) proved that the present work is follows the pseudo second-order.     
Table 3. First-order and pseudo-second-order parameters  
First-order Pseudo second-order 
K1 
1/min 
q experimental 
(mg/g) 
q  theoretical 
(mg/g) 
R2 K2 
g/mg. min 
q experimental q  theoretical R2 
0.0214 74 53.3 0.9838 0.0008 74 80 0.9935 
2.4. Adsorption isotherm 
The adsorption isotherm is describing the relation between adsorbate and adsorbent (Fig. 1). Two different 
adsorption isotherms, Langmuir and Freundlich isotherms, were used in this work. The experiments of the 
isotherms were achieved at conditions of initial pH, 4; contact time, 90 minutes and contact temperature, 30 
oC at initial concentration of Zn(II) ions ranged from 100 to 1000 mg/l.     
The Langmuir isotherm linear form equation may be written as follows [9]: 
Ce/qe=1/Qmax.b+(1/Qmax)Ce                                                                                                                (4) 
Where Qmax and b are the Langmuir constants related to the theoretical maximum adsorption capacity and 
adsorption energy, respectively. These constants can be determined respectively from the slop and intercept of 
the plots of  Ce/qe versus Ce.  
The Freundlich isotherm linear form equation could be written as follows [10]: 
Logqe=logKF+(1/n)logCe                                                                                                                  (5) 
Where KF is Freundlich constant (mg/g) related to the adsorption capacity. n is a Freundlich constant related 
to the adsorption favorability. Fig. 2 presents the Langmuir and Freundlich isotherms. 
On the basis of the correlation coefficient (R2) as observer on Fig. 2, the Freundlich isotherm was found to 
be represent the equilibrium adsorption data better than Langmuir isotherm. The Qmax of Ngella sativa seeds 
was found to be 93 mg/g.   
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Fig. 1. Equilibrium adsorption isotherm of Zn (II) ions onto Ngella sativa seeds 
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Fig. 2. Adsorption isotherms of Zn (II) ions onto  Ngella sativa seeds (a) Langmuir isotherm; (b) Freundlich isotherm  
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